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I  -  INTRODUCTION 


CO^  is  an  atmospheric  gas  which  plays  an  important  role  in  the  atmosphere 
and  is  often  measured  by  remote  sensing  in  the  13.5  |j.m  region.  So  it  is  necessary 
in  order  to  perform  reliable  analysis  of  the  atmospheric  spectra  to  have 
acccurate  data  on  the  positions,  intensities  and  broadening  coefficients  of  the 
lines  arising  in  this  region.  The  line  positions  are  well  known  but  some 
uncertainties  remain  on  the  intensities  and  broadening  coefficients.  The  goal  of 
this  work  is  to  improve  these  parameters  for  CO^  lines  in  the  region  of  13.5  p.m. 
For  that,  we  have  developped  in  the  present  work  a  method  which  allows  an 
accurate  derivation  of  intensities  and  broadening  coefficients  from 
interferometer  spectra.  The  performances  of  this  method  were  checked  in  a 

preliminar  work  by  studying  the  11101  < -  10002  band  of  [1].  Then,  we 

have  measured  lines  intensities  of  the  following  bands  : 


11101 

« 

10002 

centered 

at 

791.447 

cm"  * 

11101 

«  -•  ' 

02201 

centered 

at 

741.724 

cm"  ^ 

10001 

4-  ■< — ■ 

01101 

centered 

at 

720.805 

cm"  ‘ 

20002 

4 

10002 

centered 

at 

738.673 

cm"  '■ 

12201 

4 

03301 

centered 

at 

757.479 

cm" 

each 

band 

we  have 

deduced  : 

from 

1  the  line  in 

[2] 


[3] 

[3] 


the  transition  dipole  moment  and  Herman  Wallis  coefficients. 

In  addition  we  have  measured  for  lines  belonging  to  the  11101 

self,  N  -  and  0  -broadening  coefficients. 

2  2 


10002  band  the 


II  -  DESCRIPTION  OF  THE  METHOD* 


This  method  allows  to  derive  simultaneously  the  intensity  and  the  width 
of  an  isolated  line  through  the  adjustment  of  a  calculated  line  shape  to  the 
experimental  one. 

The  calculated  line  shape  G(cr)  is  obtained  by  convolving  the  true  line  shape 
(cr)  with  the  response  function  F  of  the  interferometer. 

G^  (c)  is  given  by  the  well  known  expression 

G^  (o)  r  I^  (0-)  exp[-K(cr,P)£] 

*  This  method  is  extensively  described  in  Ref.[l] 
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where  Klo",?)  is  the  aborption  coefficient  ;  it  depends  on  the  intensity  and  on 
the  line  width.  K{(r,P)  is  well  described  by  a  Voigt  profile.  P  is  the  gas 
pressure,  t  is  the  path  length  in  the  absorbing  gas.  {c)  is  the  beam  intensity 
in  absence  of  absorption. 

The  response  function  F  of  an  interferometer  is  the  Fourier  transform  of  the 
filtering  function  ^s^{D).  Usually  the  filtering  function  used  to  calculate  the 
response  function  is  a  "boxcar"  ;  in  this  work  we  have  choosen  a  filtering 
function  which  decreases  in  a  parabolic  way  with  the  path  difference  D,  in  order 
to  take  into  account  the  influence  of  the  entrance  iris  of  the  interferometer 
(see  Fig.l)  . 

Finally  for  each  line  we  compute  a  succession  of  values  of  the  transmitted 
intensity  (n)  separated  by  a  constant  interval  dcr  in  wavenumber  unit.  The  value 
of  da  is  choosen  equal  to  the  interval  separing  two  experimental  data. 

The  best  adjustment  of  the  calculated  line  shape  to  the  experimental  one  is 
obtained  when  the  two  following  quantities  are  minimized  simultaneously  : 


The  quadratic  differences 


^  I  (I,  -  I,  , 

-  '  t  exp  t  calc  " 

The  differences  between  the  areas  of  experimental  and  calculated 


line  shape. 


Ill  -  CHARACTERISTICS  OF  THE  FOURIER  TRANSFORM  SPECTROMETER 


The  step  by  strep  Fourier  transform  spectrometer  used  in  our  work  was 
built  in  our  laboratory  by  L.  Henry,  A.  Valentin  and  Ch.  Nicolas. 

The  path  difference  of  this  interferometer  can  reach  22  meters  which  gives  an 
apparatus  function  width  of  5x10"^  cm'*.  This  unevacuated  interferometer  covers 
the  spectral  range  3-19  p.m  within  the  atmospheric  windows.  The  signal  to  noise 
ratio  is  about  200  around  10  pan  using  a  mercury  or  copper  doped  germanium 
detector  and  500  at  5  pm  with  an  indium  antimonaide  detector.  The  absolute 
precision  on  the  wavenumbers  measurements  is  better  than  2x10'^  cm'*. 


IV  -  SPECTRA  ANALYSIS 


The  different  spectra  used  in  this  work  were  recorded  with  a  GeHg  or  GeCu 
detector  with  a  cooled  low  pass  interference  filter.  On  these  spectra  the  signal 
to  noise  ratio  is  close  to  200.  The  gas  pressure  inside  the  cell  was  measured 
with  an  relative  uncertainty  better  than  1%.  The  temperature  was  measured  on  the 
walls  of  the  cell  and  we  assume  that  a  thermal  equilibrium  between  the  gas  sample 
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and  the  cell  was  established.  The  gas  sample  was  99.998%  minimum  purity  CO^ 
purchased  from  Air  Liquide. 

One  of  the  most  difficult  problem  we  had  to  solve  was  the  elimination  of  fringes 
which  arise  from  reflections  on  the  opposite  side  of  the  beam  splitter.  For  that 
we  have  used  two  procedures  : 

1.  Empty  cell  spectra  were  recorded  before  and  after  the  spectrum  of  the  gas 
sample  in  order  to  eliminate  these  fringes  by  ratioing  but  it  seems  that  this 
procedure  introduces  a  systematic  error  of  a  few  percents  (4-6%)  on  the 
intensities  values. 

2.  In  the  second  method,  for  each  line  we  determine  by  an  adjustment  the 
local  fringes  pattern  which  is  then  eliminated  numerically.  This  method  increases 
the  internal  coherence  between  the  results  obtained  from  different  recorded 
spectra. 


-*  V  -  LINES  INTENSITY 


The  line  intensity  S ( J)  is  given  by 
S(J)  = 


81C3 

f  he  '\1 

( 

-  .  -  ff(J) 

1-exp 

- ff(J) 

exp - E(v,J) 

3hc  Q(T) 

1  Jl 

1 

(^0" -LiJ) 


where  N^  is  the  total  number  of  molecules  per  cm 

Q(T)  is  the  total  internal  partition  function 
I  is  the  isotopic  abundance  (I  =0.985) 

a  a 

o'(J)  is  the  wavenuTIber  of  the  transition  (in  cm*M 

E(v,J)  is  the  lower  state  energy  of  the  transition  (in  cm"*) 

(|a)*  is  the  square  of  the  transition  dipole  moment 
L(J)  is  the  Hon-London  factor. 

Using  this  expression  the  (p.)^  values  are  deduced  from  the  measured  lines 
intensities.  Assuming  that  the  variation  of  (p)*  with  respect  to  the  rotational 
quantum  numbers  is  described  by  the  following  expansions 


and 


iy-f  =  ()*„)"  (1  +  2A^m  +  2A^J'(J'+1) 
(^‘)"  =  (.y,?  (l  +  2A-J  (J+1)] 


in  P  and  R  branches 
in  the  Q  branch 


We  have,  through  a  least  squares  procedure,  derived  for  each  band,  the  values  of 
(p^  )* ,  A^ ,  A^  and  A^ .  It  is  important  to  remark  that  it  is  difficult  to  determine 
accurately  the  A^  coefficient  because  the  effect  of  the  quadratic  term  A^J'(J'+1) 
is  very  weak. 
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VI  -  RESULTS 


1)  Intensities 

On  the  Tables  concerning  the  lines  intensities  are  listed  the  measured 
values.  In  addition  are  given,  on  these  tables,  the  intensities  calculated  by 
using  t'  =  values  of  )^ ,  and  A^ .  In  the  last  column  are  given  the 

differences  in  percent. 

On  Table  VI  are  given  for  each  band  the  values  of  A^  ,  A^  and  A^  . 

2)  Broadening  parameters 

On  Tables  VII,  VIII  and  IX  are  listed  the  values  of  self-,  N  -  and 

2 

0^ -broadening  coefficients  of  lines  belonging  to  the  11101  . -  10002  band  of 

‘^C‘®0^  ;  results  proposed  by  other  authors  are  given. 


6 


REFERENCES 


[1]  V.  Dana  and  A.  Valentin 

Determination  of  line  parameters  from  FTS  spectra. 

Appl.  Cities  27(21),  4450-4453  (1988). 

[2]  V.  Dana  A.  Valentin,  A.  Hamdouni  and  L.S.  Rothman 

Line  in  isities  and  broadening  parameters  of  the  11101  ^ -  10002 

l2cl6o 

2 

Appl.  Optics  (in  press) 

[3]  A. Valenti.  V.  Dana  and  A.  Hamdouni 

Absolute  1  'ensities  of  lines  in  the  20002  < -  11102  and  12201  «— 

bands  of  "‘*0  . 

2 

(to  be  published) 


band  of 


03301 


THE  ArPARATUS  (UNCTION  IS  THE  FOURIER  TIMNSFORM  OF  THE  A(fi)  FUNCTION 


so 


E 

to 


XI 

Ei  X 

00 

2: 

LLi 

< 

ooi 

ci: 

< 

h- 

GO  . 

}- 

cc 

cn 

LU 

■Z. 

— 

o 

q: 

— 

23 

y- 

UJ 

C 

o 

I— 

LU 

LJ 

UJ 

LU 

0 

X 

cr 

i— 

GO 

UJ 

r3 

LU 

-  - 

1 — 

c:: 

< 

UJ 

LU 

I— 

< 

< 

CU 

— 

Q. 

C/^ 

< 

LU 

LJ 

LU 

h- 

3 

—I 

0 

h-  "■ 

LU 

0 

0 

ca 

h“ 

A 

< 

U 

1r 

5: 

g: 

3 

II 

0 

< 

X 

< 

Cu 

LU 

cm 

< 

00 

2: 

CL 

X 

to 

< 

00 

< 

< 

C 

X 

cc 

to 

< 

UJ 

'z: 

cu 

u 

0 

cu 

Q 

2: 

— • 

< 

< 

)— 

s:  < 

cm 

u 

-J 

to 

!r 

X 

3 

< 

LU 

v-  s: 

LU 

LU 

cr: 

to’ 

LU 

LU 

V  V' 

X 

6C 

h- 

< 

I 

LU 

00 

0 

LU 

LU 

X 

> 

I— 

I— 

U 

0 

0 

UJ 

> 

LU 

I— 

i;  II 

LU 

3 

LU 

X 

- — ^  / — V 

0 

< 

-c  -c 

UJ 

u/ 

' —  — 

LJ 

Lu 

<  < 

h- 

< 

c 

0 

3 

UJ 

i— 

3 

LL- 

3 

0 

— 

2 

Lu 

Table  I 


Measured 

intensities 

( cm/mol ) 


Calculated 

intensities 

(cm/molxlO^^  ) 


(in  %) 


39 

j  0.844 

-0.6 

82 

'  0.951 

+  3.1 

i55 

1.048 

■••0.6 

56 

j  1.180 

-2.1 

.940  1 

+1.6 

.753  i 

-1.9 

.832  ' 

+1.2 

.069  ; 

-1.3 

.270  1 

+1.8 

.424  ; 

+0.2 

.528 

+0.9 

.584 

-0.7 

..591 

-2.3 

.553 

-  ^  ■> 

L.480 

-0.7 

L.375 

-0.1 

L.249 

-2.0 

L.lll 

+2.4 

3.969 

+3.5 

3.828 

+1.9 

3.694 

-2.1 

0.572 

-1.3 

Table  HI 


Line 

cr(J) 

{cm' * ) 

Obs 

(10+*='  cm'V 

molecule  cm'*) 

Calc 

Obs  -  Calc 

Obs 

(in  per  cent 

P18 

743.1033 

0.2660 

0.2541 

+4.4 

P15 

745.5351 

0.2852 

0.2725 

+4.4 

PH 

748.7559 

0.2642 

0.2744 

-3.9 

P  9 

750.3567 

0.2561 

0.2660 

-3.9 

P  8 

751.1550 

0.2499 

0.2590 

-3.6 

P  7 

751.9508 

0.2442 

0.2505 

-2.6 

P  5 

753.5384 

0.2370 

0.2309 

+  2,6 

Q25 

756.9438 

0.3333 

0.3308 

^0.7 

Q26 

756.8944 

0.3089  ! 

1 

0.3121 

-1.0 

Q27 

756.8574 

0.2831 

0.2932 

-3.6 

Q28 

756.8029 

0.2702 

0.2735 

-1.2 

Q31 

756.6663 

0.2228 

0.2162 

+  3.0 

Q32 

756.5990 

0.1983 

0.1980 

-0.1 

Q33 

75r.5618 

0.1814 

0.1804 

+0.5 

R14 

769.0495 

0.1687 

0.1622 

+3.8 

R15 

769.8066 

0.1719 

0.1698 

+1.2 

R16 

770.5639 

0.1759 

0.1724 

+2.0 

R17 

771.3168 

0.1678 

0.1749 

-4.2 

TXBLE  IV 


- r- 

J 

i 

Obs 

( 10'  “  ^  cm'  ‘  / 

molecuie  cr."  ‘ 

Calc 

Ob£  -  Calc 

Ot>S 

tin  per  cent) 

)  P25 

4 .480 

4 . 316 

3.' 

j  P24 

4 . 433 

4 . 588 

-  3.5 

1  P23 

4.758 

4.862 

— 

1  P19 

5.530 

5.789 

-  4.7 

ipl7 

5.840 

6.104 

-  4.5 

1  P15 

6.306 

6.275 

0.5 

1  P13 

6.219 

6.276 

-  0.9 

1  ?12 

6  .  372 

£.215 

--2.5  ! 

ipii 

6.573 

6.103 

*  ~ .2 

jps 

5.742 

5.471 

-  4.7 

l033 

4.793 

4.747 

l.C 

I525 

8 . 656 

8.679 

'  0.3 

ip.s 

1.868 

1.832 

■►1.9 

ip.6 

2.312 

2.309 

-t-  0.1 

1r7 

2.827 

2.762 

2.3 

IR8 

3.204 

3.125 

-  0.6 

j  P  9 

3.68*5 

3.572 

*  3.1 

|rio 

4 . 166 

3.915 

-  6.1  i 

|Ri: 

4.409 

4.222 

’  4.2 

|r:2 

4.248 

4 . 4'’9 

-  5.4 

‘r:3 

4.492 

4.690 

-  4.4 

:ri4 

5.050 

4.858 

♦  3.8 

IRIS 

4.644 

4.976 

-  7.1 

IR16 

4.817 

5.049 

-  4.5 

iR17 

4.720 

5.085 

^  n  r 

1  RIS 

5.009 

5.070 

-  1.2 

1  R20 

__  4.964 

4 . 941 

I-  0.5 

j  R22 

4.666 

4 . 681 

-  0.3 

1  R24 

4.172 

4.325 

-  3.7 

R25 

4.035 

4.119 

R29 

3 . 144 

3.220 

-  2.5 

R3  3 

2.255 

2.315 

-  2.- 

R34 

2.217 

2.100 

+  5.3 

R35 

1.835 

1.905 

-  3,8 

R36 

1.719 

1.713 

*  0.3 

lp.37 

1 , 502 

1 . 538 

-  2.4 

!  R38 

1  .368 

1.370 

-  C.l 

R39 

1.235 

1.219 

*  1.3 

R40 

1.094 

1.077 

-»■  1.6 

R41 

.9430 

.950 

-  0.7 

R42 

.  8693 

.8307 

+  4.4 

R43 

.6742 

.7264 

-  7.7 

R44 

.6501 

.6297 

3.1 

R4e 

.4899 

.4691 

+  4.2 

R47 

.  4163 

.  4035 

*  3.1 

ir.iens'ities  for  tne  11101  -*-  02201  band  of 


TABLE  VI 


|m  1 

Present  work 

11101  «—  10002 

T=294.5  K 

Ref  [5] 

01111  01101 

T=300  K 

Ref  [6] 

(a) 

T=296  K 

8 

0.1050 

0.1152 

0.1104 

10 

0.1040 

0.1078 

0.1080 

12 

0.1010 

0.1057 

0 .1054 

13 

0.1025 

0.1026 

0.1042 

14 

0.0993 

0.1035 

0.1031 

15 

0.1015 

0.1041 

0.1020 

16 

0.0973 

0.1014 

0.1010 

17 

0.0983 

0.1003 

0 .1000 

18 

0.0963 

0.0991 

0 . 0990 

21 

0.0927 

0.0983 

0.0962 

22 

0.0935 

0.0973 

0.0953 

23 

0.0926 

0.0944 

25 

0.0910 

0.0970 

0.0928 

27 

0.0905 

0 . 0916 

0.0910 

29 

0.0880 

0.0893 

0.0891 

31 

0.0865 

0.0878 

0.0871 

33 

0.0845 

0.0886 

0.0851 

37 

0.0795 

0.0838 

0.0813 

39 

0.0780 

0.0797 

41 

0.0760 

0.0818 

0 . 0780 

:  smoothed  values  from  measurements  on  the  00011 
the  10011  < —  10002  bands 


00001  anc 


Table  VIII 


Present  work 

11101  <—  10002 

T=294.8  K 

Ref  [5] 

01111  ^  01101 

T=300  K 

0 .0840 

0.0860 

0 .0820 

0.0846 

0.0815 

0.0804 

0.0790 

0 . 0820 

0.0780 

0.0786 

0.0765 

0.0794 

0.07  8  0 

0.0773 

0.0725 

0.0773 

0.0750 

0.0765 

0.0740 

0.0754 

0.0715 

0. 0741 

0.0700 

0.0732 

0.0720 

0.0732 

0.0705 

0.0735 

0.0695 

0.0726 

0.0700 

0.0712 

0.0675 

0 . 0694 

0.0670 

0.0709 

0.0667 

0.0679 

Ref  [6] 
faj 

T=296  K 


0.0854 

0.0830 

0.0795 


0.0768 

0 . 0755 
0.0744 
0.0735 

0.0726 
0.0718 
0.0712 
0 . 0701 
0.0693 
0.0689 
0.0687 


;  smoothed  values  from  measurements  on  the  00011 
the  10011  00001  bands 
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Table  ix 


1ml 

Present  work 

11101  «—  10002 

T=294.8  K 

Ref  [6] 

{a) 

T=296  K 

5 

0.0730 

0.0750 

6 

0.0742 

8 

0.0738 

10 

0.0680 

11 

0.0685 

0.0690 

12 

0.0660 

13 

0.0666 

0.0675 

14 

0.0651 

16 

0.0637 

17 

0.0640 

0.0649 

18 

0.0617 

19 

0.0622 

0.0637 

20 

0.0613 

21 

0.0616 

0.0626 

-  22 

0.0595 

23 

0.0606 

0.0617 

25 

0.0577 

0.0609 

27 

0.0565 

0.0602 
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